In this paper, we give a method for the local unitary equivalent problem which is more efficient than that was proposed by Bin Liu et al [7] .
II. SOME PREPARATIONS Definition 1. [14] Let n ∈ N, r 1 , r 2 , ..., r m ∈ N + , such that n = m i=1 r i and {E i } s i=1 be a partition of {1, 2, ..., m}. The set {H = diag(U 1 , U 2 , ..., U m )|U i ∈ U (r i ), U i = U j , if ∃1 ≤ r ≤ s, i, j ∈ E r } is called a direct group of M n (C) with size {r i } Lemma 1. [12] [13] [14] Let H be a direct group of n × n matrix. Then A, B are unitary equivalence under H if and only if they give the same reduce form A, B. Moreover, the invariant group {U ∈ H|U AU † = A} is a direct subgroup of H. Now let us brief the high order singular value decomposition(HOSVD) technique which can be seen [7, 8] . 
unitary matrix and constitute the diagonal blocks of S (m) which are conformal to those m-mode singular values of |ψ with multiplicity. Through out this paper, when we said a state |ψ is its HOSVD state, we mean |ψ m |ψ † m are diagonal with λ
, m = 1, 2, ..., N and with local symmetry N m=1 S (m) .
III. TRIPARTITE STATES
In this section, we first consider the tripartite pure states. If |ψ is a tripartite pure state. We can suppose that it's HOSVD, then
where
¬i is just the normal vector when we collect the n (i),k l -th term of the i-th system of |ψ . So |ψ can be looked as the purify of the mixed bipartite states
This can be viewed as a new tripartite pure state, even though it's not normal. In fact it is just a purify state of the ¬i bipartite mixed state
Then we can consider its m-mode matrix |ψ
m , and we denote
The upper label (i) means the i-th system as a new system to purify the ¬i bipartite mixed state ρ
is the k-th part of ρ (i) . After purifying the mixed state ρ
k , we get a pure tripartite state |ψ (i),k . Considering the m-mode decomposition of the new state, the matrix M i,k ψ,m is obtained.
then
Proof: For HOSVD states
since
is block unitary matrix with size {µ
. Suppose
From equations (7)(8)(6)(9), we have
That is
Here (U 1 ⊗ U 2 ⊗ U 3 ) ¬i represents the matrix which gain by delete
¬m . Considering the m-mode of the new states, we have U (m) |ψ
Remark: Equation (10) is the core of the proof. The LU equivalence of two quantum states implies the LU transformation itself satisfies lots of simultaneously unitary equivalent conditions.
In spire of theorem 1, for 1 ≤ m ≤ 3, there are two groups with
corresponding to the LU equivalent states |ψ , |φ . Moreover, they are simultaneously unitary equivalence. Denote
ψ,1 ),
ψ,2 ), 
Proof: If
From the four states |ψ ,|φ , |233 be a pure state in
By the method of Bin Liu, we get that So |ψ itself is a HOSVD state. By the HOSVD decomposition,
has the following form
The LU equivalent problem of |ψ and the other state |φ reduce to whether there is a solution in
transfers |ψ to a core state of |φ . By our method, we calculate the three matrices M ψ,1 , M ψ,2 , M ψ,3 defined above instead of |ψ 1 |ψ Hence the problem to decide whether |ψ is LU equivalent to the other state |φ can be reduced to whether there is a solution in H 1 ⊗ H 2 ⊗ H 3 transfers | ψ to | φ . It is an easy problem ( [7] ). 
|333
be a pure state in
Here we also use Bin Liu's method first.
After we calculating the following matrices we can see that |ψ itself is a HOSVD state. By the HOSVD decomposition, S (1) ⊗ S (2) ⊗ S (3) has the following form
That is, if we use Bin Liu's method, the LU equivalent problem of |ψ and the other state |φ reduce to whether there is a solution in S (1) ⊗ S (2) ⊗ S (3) transfers |ψ to the core state of |φ . But this is also a complicated problem. Now we use our method. We calculate the three matrices M ψ,1 , M ψ,2 , M ψ,3 defined above Clearly, the three matrices are canonical forms of themselves under their direct groups H 
V. CONCLUSION
In this paper, we consider the problem of LU equivalence. After analysing the necessary conditions of the LU equivalence, we obtain the conclusion of the simultaneously unitary equivalence of two order sets of matrices. A reduce form for each quantum state is obtained by virtue of the algorithm for dealing with the unitary equivalence under direct group. Accordingly, the LU equivalent problem can be reduced into a simpler one. Our method is more efficient than that in [7] . Hence the algorithm for unitary equivalence under direct group is an important way to study the LU equivalent problem.
